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(57) Abstract 

An electrode assembly, for the clectrosurgicai removal of (issue immersed in an electrically-conductive liquid, comprises an elongate 
support structure (12S) including at least a pair of conductors (12A, 12B) for carrying radio frequency electrosurgical currents. An 
clcctrically-insulativc body (34) is mounted at a distal end of the support structure (12S), and extends transversely with respect to the 
support structure. A transversely-extending, conductive tissue treatment electrode (36) is secured to one side of the insulative body (34), 
and is electrically connected to one of the conductors. A transversely-extending, conductive return electrode (38) is secured to an opposite 
side of the insulative body (34). 
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AN ELECTRODE ASSEMBLY FOR AN ELECTROSURGICAL INSTRUMENT 

This invention relates to an electrode assembly for the electrosurgical removal of tissue 
immersed in an electrically-conductive liquid such as normal saline, and primarily to an 
5 electrode assembly for housing in an endoscope, for performing, e.g., transurethral 
prostatectomy (TURP). 

In international Patent Applications Nos. WO 97/00647, WO 97/24994, WO 97/24993, 
WO 97/00646, WO 97/48345 and WO 97/48346 the applicants disclose a number of 
10 bipolar electrode assemblies for mounting on the distal end of an elongate tubular 
instrument shaft. In each case, the electrode assembly is designed for operation whilst 
immersed in a conductive liquid typically normal saline, through which current flows 
from a tissue treatment electrode placed on, or adjacent to, tissue to be treated, to a 
return electrode which is spaced back from the tissue treatment electrode away from the 
15 tissue surface. An electrosurgical generator suitable for supplying power to the 
disclosed electrode assemblies is described and shown in the applicant's European 
Patent Application No. EP 0754437. This generator provides for different modes of 
operation, a first mode being a tissue desiccation or coagulation mode, in which the 
peak voltage applied between the electrodes is limited to prevent vapour pocket 
20 formation at the tissue treatment electrode, and a second mode in which tissue is 
vaporised to produce a cutting or bulk removal effect at an operation site. During the 
second mode, the power supplied to the electrode assembly causes the formation, from 
the conductive liquid, of a vapour pocket around the tissue treatment electrode. In this 
case, the peak voltage applied to the electrode is limited to control the size of the 
25 vapour pocket, and to prevent electrode destruction. A third mode of operation is a 
blended mode achieved by switching between the electrical conditions for the first and 
second modes. 

The full subject matter of the above-mentioned applications is incorporated in this 
30 specification by reference. 
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Such an electrode assembly is typically introduced to a body cavity through the 
working channel of an endoscope inserted through a natural body orifice, or through a 
separate aperture formed to obtain access to the cavity. In either circumstance, the 
tubular instrument shaft provides the return path for electrosurgical currents, connection 
5 to the tissue treatment electrode being made through an insulated conductor passing 
through the shaft interior. The tubular member also provides for heat transfer away 
from the electrodes during operations. Thermal dissipation from the electrodes is 
enhanced by a portion of the shaft being immersed in the conductive liquid. 

1 0 Endoscopic urological surgery is performed routinely to treat pathologies of the urinary 
tract using a range of sophisticated instruments introduced through the urethra, 
Resectoscopes are a specific form of endoscope originally developed for urological 
surgery. They have since been used in hysteroscopic and gastrointestinal surgery for 
removal of soft tissues. Resectoscopes differ from many other endoscopes in that they 

15 include an integral trigger mechanism to produce a controlled forwards and backwards 
motion of an instrument attached to the mechanism. This control is particularly useful 
during removal of large volumes of tissue and, as such, they are the instrument of 
choice for performing TURP, the removal of benign overgrowth of the prostate gland, 
as well as endometrial and fibroid resection during hysteroscopic surgery and resection 

20 of polyps and tumours in the rectum during endoscopic gastrointestinal surgery. 



Irrigating solutions may be delivered by continuous or intermittent flow through the 
resectoscope, and may be electrolyte or non-electrolyte based. As the traditional 
technique for performing TURP is monopolar electrosurgery, a non-electrolyte is most 
25 commonly used. Conventional instruments, then, generally comprise a range of 
monopolar electrodes mounted on the resectoscope. 

A bipolar instrument is known from U.S. Patent No. 4,116,198 (Roos). This has a 
single active electrode in the form of a reciprocable resection loop, and a return 
30 electrode mounted on the distal end of an instrument shaft. Electrical conduction 
between the electrodes occurs via a conductive liquid immersing both electrodes. 
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A resectoscope consists of four main components: an inner sheath, an outer sheath, a 
telescope and light source assembly, and ai working element. The working element, 
whether passive or active, comprises a reciprocating mechanism mounted on a tube. 
The tube has a telescope connector at its proximal end. and a sealing block located part 
way along its length, to which the inner sheath connects. The sealing block has a hole 
through it to allow the telescope to be passed from the proximal end to the distal end of 
the working element, within the bore of the inner sheath. The hole is offset so that the 
telescope is located in the upper quadrate of the inner sheath aperture to make room for 
the electrode support tube. 

A monopolar electrode supported on a wire-form conductor is inserted through the 
support tube from the distal end through a second hole in the sealing block. The hole is 
angled so that the electrode exits the sealing block at an increased distance from the 
telescope, in order that the electrode passes into the insulation block with sufficient 
insulating material between the electrode and the telescope to provide electrical 
isolation. This type of monopolar electrode is typically of a wire shaft construction to 
facilitate introduction through the resectoscope with a large working tip of a wire loop 
or roller ball configuration. A roller electrode is disclosed in U.S. Patent No.5,599,349 
(D'Amelio). 

It can be advantageous to use an electrode supported by wires with conventional 
endoscopes, the electrode being loaded in the working channel from the distal end to 
the proximal end, as opposed to conventional loading from the proximal end to the 
distal end. The latter loading technique limits the dimension of the working tip of the 
electrode to the internal diameter of the working channel. 

Additionally, wire-form support to an electrode may be useful in circumstances where 
access and manoeuvrability are restricted by the confines of the body cavity. 
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It is an aim of this invention to provide an electrode assembly for improved removal of 
tissue immersed in an electrically-conductive liquid. 

According to a first aspect of this invention, an electrode assembly for the 
5 electrosurgical removal of tissue immersed in an electrically-conductive liquid 
comprises an elongate support structure including at least a pair of conductors for 
carrying radio frequency electrosurgical currents, an electrically-insulative body 
mounted at a distal end of the support structure and extending transversely with respect 
to the support structure, a transversely-extending, conductive tissue treatment electrode 
10 secured to one side of the insulative body and electrically connected to one of the 
conductors, and a transversely-extending conductive return electrode secured to an 
opposite side of the insulative body. 

The ratio of the exposed surface area of the tissue treatment electrode to that of the 
15 return electrode is preferably relatively large, e.g. greater than 1:1. The applicants have 
found that optimum performance is achieved with the ratio in the range of from 1.25:1 
to 2:1. 

The tissue treatment electrode may be a metallic lamina lying on an outer surface of the 
20 insulation body. 

The insulative body preferably comprises a ceramic, generally cylindrical, element with 
the cylinder axis oriented transversely of the support structure, the tissue treatment 
electrode and the return electrode covering a downwardly-directed and an upwardly- 
25 directed surface respectively of the ceramic element, each being fixed to the element by 
means of an interlocking rib and groove arrangement which permits assembly without 
use of an adhesive. This allows the electrode assembly to operate at high temperatures, 
typically up to 500°C or 600°C. 

30 The tissue treatment or active electrode may be an arcuate plate secured directly to the 
downwardly-directed surface of the ceramic element, and is preferably both thin and 
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made of a relatively poor thermally conducting metal in order to hinder the transfer of 
heat from one part of the electrode to another. This is to assist formation and 
maintenance of a vapour pocket around the active electrode. Surface irregularities in the 
form of ribs, or alternatively-shaped surface projections, are provided to hinder thermal 

5 convection by flow of conductive liquid over the electrode and by trapping bubbles of 
vapour between them. In contrast, the return electrode is advantageously smooth, so as 
to achieve the converse effect, i.e. to discourage vaporisation of the conductive liquid 
on its surface. Placing the return electrode directly above the active electrode and on the 
opposite side of the insulator body, largely prevents it from contacting tissue but, at the 

10 same time, permits it to be surrounded by the conductive liquid. 

In the preferred electrode assembly, the shape and configuration of the tissue treatment 
electrode and insulative body are such that the minimum conduction path length 
between the tissue treatment electrode and the return electrode by conduction through 
15 the conductive liquid is greater than or equal to 1 ,5mm. This may be achieved in a 
small assembly by forming the ceramic element so that it projects outwardly beyond the 
edges of the electrodes to provide a conduction path length which is greater than the 
geometric separation of the electrodes. 

20 To provide for endoscope mounting, the support structure may comprise solely a pair of 
rigid, wire-form conductors with a clip for attaching them to the telescope tube of the 
endoscope, and having distally branched arms which, at their distal ends, support the 
ceramic element and the electrodes, one arm being located on each respective lateral 
side of the element. Advantageously, grooves moulded in the upper and lower surfaces 

25 of the ceramic element receive inner ribs of the electrodes which are shaped to be 
locked positively in the grooves by having, for instance, a dovetail cross-section. The 
clip also serves to secure the conductors together so as to lie side-by-side proximally of 
the branch arms. 

30 According to a second aspect of the invention, an electrode assembly for the 
electrosurgical removal of tissue immersed in an electrically-conductive liquid 
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comprises at least first and second electrodes mounted on an insulator, and at least a 
pair of conductor wires forming an elongate support structure for housing in an 
endoscope, the combination of the electrodes and the insulator being secured to distal 
ends of the wires with one wire of the pair connected to the first electrode, and the 
other wire of the pair connected to the second electrode, and wherein the electrodes 
comprise transversely-extending metallic coverings mounted on oppositely-directed 
surfaces of the insulator. 



The invention also provides a method of electro-surgically removing tissue, the method 
1 0 comprising: 

providing an electrode assembly having a elongate support structure which 
includes a pair of conductors and, mounted on a distal end of the support structure, a 
transversely-extending insulator with a tissue treatment electrode secured on one face of 
the insulator and a return electrode secured on an oppositely-directed face of the 
1 5 insulator, the electrodes being connected to respective conductors of said pair, 
immersing the tissue to be treated in an electrically-conductive liquid, 
bringing the electrode assembly to a location adjacent to the tissue to be treated 
with the electrodes immersed in the conductive liquid, 

applying an electrosurgical radio frequency voltage between the electrodes of a 
20 sufficient magnitude to cause vaporisation of the conductive liquid at the tissue 
treatment electrode, 

applying the tissue treatment electrode to the surface of the tissue to be treated 
with the electrode assembly oriented such that the return electrode is directed away 
from the tissue surface, and 
25 reciprocating the electrode assembly generally in the lengthwise direction of the 

support structure to ablate the tissue by vaporisation thereof when contacted by the 
vapour layer over the tissue treatment electrode. 



The invention will now be described by way of example with reference to the drawings 
30 in which: 
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Figures 1A, IB, and IC are perspective views of an electrosurgical instrument 
comprising an endoscope and. a reciprocal electrode assembly constructed in accordance 
with the invention, the instrument being shown in three different stages of assembly; 

5 Figure 2 is an enlarged perspective view of a distal portion of the electrode assembly 
forming part of the instrument shown in Figures 1 A to 1 C; 

Figure 3 is an exploded perspective view of an instrument tip assembly; 

10 Figure 4 is a diagram showing the tip assembly in side elevation and the endoscopic 
field of view obtained with a 30° telescope; 

Figure 5 is a load characteristic graph illustrating the variation in load impedance 
produced by an electrode assembly such as that shown in Figures 1 A to 1C and 2 to 4 
1 5 when used close to a tissue surface in a conductive liquid, according to delivered output 
power; 

Figure 6 is a block diagram of an electrosurgical generator suitable for connection to the 
instrument of Figures 1A to IC; 

20 

Figure 7 is a block diagram of part of the control circuitry of the generator of Figure 6; 

Figure 8 is a graph showing the variation of output power produced by the generator as 
a function of the load impedance presented to it by the electrode assembly, the output 
25 power variation being shown in two operation modes of the generator; and 

Figure 9 is a graph showing the variation of output power for the generator as a 
function of load impedance after modification of the generator characteristics in 
response to output voltage sensing. 

30 



WO 99/51 158 PCT/GB99/00995 

8 

Referring to Figures 1A to 1C, an endoscopic electrosurgical instrument incorporating an 
electrode assembly 12 in accordance with the invention includes a telescope 10 having 
an elongate hollow tube. The electrode assembly 12 has an elongate support structure 
12S supporting a distal tip assembly 12T which includes a tissue treatment electrode 
5 and a return electrode. These elements will be described in more detail below with 
reference to the other figures. The support structure 12S takes the form of a pair of 
insulativeiy-sleeved wire conductors which, towards their distal ends, carry a spring 
clip 12C for securing the electrode assembly 12 to the tube of the telescope 10 in such a 
way that the electrode assembly may be reciprocated distally and proximally with the 
10 clip 12C sliding on the tube. 



At their proximal ends, the support structure wires enter an insulative cable-mounting 
boss 14 which, when the instrument is assembled, is housed in a thermoplastics 
mounting block 16, as shown in Figures IB and 1C. This mounting block 16 is slidable 

15 on the telescope 10 with respect to a collar assembly 18 secured to the telescope tube, 
relative movement between the mounting block and the collar assembly being effected 
by squeezing together the two spring-loaded handles 20 and 22 attached to each of 
them. As a result, the distal tip assembly 12T can be reciprocated relative to the end of 
the telescope 10. Inside the boss 14, connections are made between the conductor wires 

20 of the support structure 12S and a flexible cable 24 which is terminated in an in-line 
connector 26 for connecting the instrument to an electrosurgical radio frequency 
generator (not shown). 

When the electrode assembly 12 has been secured to the telescope 10, an endoscope 
25 inner sheath 28 is passed over the combination of the telescope and the electrode 
assembly 12 as shown in Figure IB, and pushed home over a seal 30 and over the 
wire-form support structure to connect with a sealing block 32 associated with the 
insulation block 16, as shown in Figure 1C. It will be noted that the distal end portion 
of the electrode assembly 12 is now exposed beyond the distal end of the inner sheath 
30 28. 
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A final stage of instrument assembly, not shown in the drawings, consists of fitting an 
outer sheath around the inner sheath 28, to mate with the sealing block 32, which has an 
aperture for directing conductive fluid from a fluid source (not shown) to the distal end 
of the instrument. 

5 

As shown in Figure 2, the distal end portion of the support structure 12S beyond the 
telescope clip 12C is characterised by the branching of the pair of conductors into two 
laterally-spaced conductor arms 12A and 12B. As will be seen, the arms 12A and 12B 
are kinked at the branching point so as to lie on opposite sides of the telescope 10 
10 distally of the branching point: and, distally of the end of the telescope, they are bent 
downwardly below the end of the telescope to support the distal tip assembly 12T at a 
position below the axis of the telescope. Except for their extreme distal end portions, 
the conductors 12 A and 12B forming the support structure 12S are sleeved with a heat 
shrink material throughout their length. 

J 5 

The distal tip assembly 12T is a bipolar instrument working tip with a comparatively 
large area tissue treatment electrode designed for removing large volumes of tissue by 
tissue vaporisation. An example of such tissue is that associated with a condition known 
as benign prostatic hypertrophy (BPH). BPH produces an enlargement of the prostate 
20 which restricts the flow of urine from the bladder through the urethra, which it 
surrounds. The procedure entails the removal of all the tissue within a walnut-shaped 
capsule, which restores normal urine flow. A typical weight of tissue removed is 30 to 
40 grams. 

25 Referring to Figure 2 and Figure 3 together, the distal tip assembly 12T comprises a 
ceramic insulator body 34 of generally cylindrical configuration, extending transversely 
between the extreme distal end portions of the conductor arms 12A and 12B, a thin 
part-cylindrical stainless steel tissue treatment or active electrode 36 which covers a 
lower surface portion of the insulator body 34, and a stainless steel return electrode 38 

30 covering an upwardly-directed surface of the insulator body 34, i.e. on the opposite side 
of the insulator body from the active electrode. The return electrode 38 is, therefore, 
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directly above the active electrode 36, and at substantially the same position in the 
longitudinal direction of the electrode assembly 12, Both the electrodes 36 and 38 
extend transversely between the extreme distal ends of the conductor arms 12A and 
12B, and each is secured directly to the ceramic insulator without the use of adhesive, 
5 so there is no intimate contact between the electrodes 36, 38 and the insulator body 34, 

As is shown clearly in Figure 3, the active electrode 36 has, in addition to its 
part-cylindrical base lamina 36A, a plurality of transversely-extending, parallel, 
outwardly-projecting, integral ribs 36B. These serve to lower the power threshold of the 

10 vaporisation of the electrode assembly 12 by hindering heat convection away from the 
electrode assembly, and by trapping small pockets of saline vapour, particularly when 
the active electrode 36 is placed near the surface of the tissue to be treated. The function 
of the ribs 36B is enhanced by arranging for the electrode exposed surface to be 
microscopically roughened. This roughening can be engineered or designed to occur 

1 5 during use as a result of the spark erosion which occurs on the exposed surface. 

The active electrode 36 is constructed of stainless steel which has relatively poor 
thermal conductivity. This, in conjunction with the low thermal mass yielded by the 
small thickness of the base lamina 36A (the thickness being in the region of from 

20 0. 1 5mm to 0.5mm, hinders the transfer of heat from one portion of the active electrode 
36 to another, so that should a portion of the active electrode be wetted by the 
conductive liquid, heat is not quickly dissipated to the wetted portion from other 
portions of the electrode. Supporting the tip assembly 12T on wires also reduces heat 
dissipation to the remainder of the electrode assembly 12. These measures all help to 

25 promote vaporisation of the conductive liquid over the surface of the active electrode 
36. 



As will be seen also from Figure 3, the active electrode 36 has an integral undercut 
inner rib 36C running parallel to the transverse ribs 36B. This allows the active 
30 electrode 36 to interlock positively in a complementary undercut groove 34A in the 
ceramic insulator body 34. The groove 34A extends transversely of the insulator body 
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34, and is open at one lateral end of the insulator body but closed at the other. 
Consequently, the active electrode 36 may be mounted to the insulator body 34 by 
sliding the inner rib 36C transversely into the open end of the groove 34A until it is 
pushed completely home with the rib 36C abutting the closed end. 

5 

A similar undercut groove 34B is cut into the upper surface of the insulator body 34 to 
receive a corresponding inner rib 38A of the return electrode 38, also shown in Figure 
3. In this case, however, the upper groove 34B opens to the opposite lateral end of the 
insulator body 34 from the open end of the lower groove 34A. Like the lower groove 
10 34 A, it is closed at its other end. As a result, the return electrode 38 can be mounted to 
the insulator body 34 in the same manner as the active electrode 36, by sliding from one 
side, but in this case from the other side. 

Adjacent to the open ends of their respective grooves 34A and 34B, each electrode 36 
15 and 38 is welded to a respective one of the conductor arms 12A and 12B. Proximally, 
the arms 12A and 12B are fastened together. This, together with the resilience of the 
arms 12A and 12B and a spring bias towards each other, acts to retain the electrodes 36 
and 38 against the closed end of their respective grooves 34A and 34B, whereby the 
distal tip assembly remains assembled without the use of adhesive material. 

20 

The return electrode 38 has no outer ribs, but acts as an oppositely-directed, generally 
part-cylindrical shell portion 38B with a smooth outer surface 38C. In practice, the 
return electrode 38, like the active electrode 36, is made of a stainless steel. However, it 
can be made of a material of higher thermal conductivity to supplement the effect of the 
25 smooth surface 38C in hindering vaporisation at the return electrode 38. 

The insulator body 34 separates the electrodes 36 and 38 in such a way that conduction 
through the tissue to be treated is the path of least electrical resistance, and so that direct 
arcing between active and return electrodes is largely prevented. The applicants have 
30 found that the minimum conductive path length between the electrodes 36 and 38 for 
achieving this in most circumstances is 1.5mm. The manner in which this clearance is 
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obtained is best seen in the diagrammatic side elevation of Figure 4. In this embodiment 
of the electrode assembly 12, the insulator body 34 is shaped to reduce as far as 
possible the degree to which it and the electrodes 36 and 38 block the surgeon's view of 
the tissue being treated when using the telescope 10. The optical properties of the 
preferred telescope 10 are such that its viewing angle is centred on a viewing axis lying 
at 25° to 30° to the axis of the telescope tube, directed towards the distal tip assembly 
and the surrounding tissue. 



The insulator body 34 is shaped and mounted so as to define a separation plane between 

1 0 the electrodes 36 and 38, which plane lies substantially parallel to the support structure 
12S (see Figures 1A and 2), and with the distal edges of the electrodes closer together 
than their proximal edges. To achieve a conductive path length of at least 1.5 mm 
between pairs of edges (i.e. between the distal edges and the proximal edges 
respectively), the insulator body 34 has a distal rib 34D which projects well beyond the 

15 distal edges 36D and 38D of the electrodes 36 and 38. Consequently, the conductive 
path length between these distal electrode edges is considerably greater than their 
geometric separation. On the proximal side, the insulator body 34 has a proximal 
separating rib 34P which is wider than the distal rib 34D, and projects beyond the main 
cylindrical mass of body to a relatively small degree. In this way, as can be seen from 

20 the dotted lines in Figure 4, the overall size of the distal tip assembly in the field of 
view of telescope 10 is reduced, whilst maintaining the ability to remove tissue at 
different angles of attack, due to the semicircular cross-section of the active electrode 
36. At the same time, the short projecting rib 34P on the proximal side has the benefit 
of making the active electrode 36 visible so that the surgeon can see when a vapour 

25 pocket is formed. 



In order to keep the size of the distal tip assembly small, despite its relatively large 
electrode areas, the wire-form conductor arm 12A is located close to the return 
electrode 38. An additional ceramic sleeve 40 around the distal end portion of the arm 
30 12A acts as a high temperature insulator between the two. 
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The proximal-distal circumferential extent and the width of the active electrode 36 are 
respectively about 1 .8 mm and 4 mm, giving a geometrical area of the lamina of about 
7 mm 2 . In the general sense, a part-cylindrical or outer area greater than 5 mm 2 is 
preferred. The actual exposed surface area of the active electrode 36 when mounted on 
5 the insulator body 34 is typically in the region of 15 mm 2 upwards, due to the surface 
projections and lateral edge surfaces. This figure is preferably in the range of from 15 to 
35 mm 2 * but can be as high as 50 or 60 mm 2 . 

It will be understood that the larger the area of the active electrode 36, the greater is the 
10 rate at which tissue can be removed, providing sufficient power can be dissipated at the 
electrode and a vapour layer maintained over its entire exposed surface. 

With the above requirements in mind, the electrical behaviour of the electrode assembly 
12, when the active and return electrodes 36 and 38 are immersed in the conductive 

15 liquid, will now be considered with reference to the graph of Figure 5. This illustrates 
the hysteresis which exists between tissue desiccation and tissue vaporising modes of 
the assembly 12 when it is adjacent to the surface of the tissue to be treated. Removal of 
tissue, achieved by vaporisation of the tissue, occurs when the active electrode 36 is 
covered with a layer of vapour. Without such a vapour layer, the tissue is 'merely 

20 desiccated. When the electrode assembly 12 is immersed in a conductive liquid without 
any radio frequency power applied, there is an initial impedance "r" at point "0*\ the 
magnitude of which is defined by the geometry of the electrode assembly and the 
electrical conductivity of the liquid. The higher the value of V, the greater is the 
propensity of the electrode assembly 12 to enter the vaporisation mode. When RF 

25 power is applied to the assembly 12, the liquid is heated. In the case of normal saline 
(0.9%w/v), the temperature coefficient of the liquid is positive, so that the 
corresponding impedance coefficient is negative. Thus, as power is applied, the 
impedance initially falls and continues to fall with increasing power dissipation to point 
"B" (see Figure 5), at which point the saline in intimate contact with the electrode 
30 assembly 12 reaches boiling point. Small vapour bubbles form on the surface of the 
active electrode 36. and the impedance then starts to rise. After point "B", as power is 
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increased further, the positive power coefficient of impedance is dominant, so that 
small increases in power now bring about large increases in impedance. 

As a vapour layer forms from the vapour bubbles, there is an increase in the power 
5 density at the remaining electrode/saline interface. There is, however, an exposed area 
of the active electrode 36 not covered by vapour bubbles, and this further stresses the 
interface, producing more vapour bubbles and thus even higher power density. This is a 
run-away condition, with an equilibrium point only occurring once the electrode is 
completely enveloped in vapour. It is possible to avoid the run-away condition by 
10 limiting applied voltage, thereby preventing power dissipation into higher impedance 
loads. For a given set of variables, there is a power threshold before this new 
equilibrium can be reached (point "C"). 

The transition from point "C" to a vaporise equilibrium state follows the 

1 5 power/impedance curve for the RF stage of the generator coupled to the instrument. The 
nature of this curve affects the stability of the vaporisation equilibrium state, and is 
described in more detail below. Once in this vaporisation equilibrium state, the 
impedance rapidly increases to around 1000 ohms, the absolute value depending on 
system variables. The vapour layer is then sustained by discharges across the layer 

20 between the active electrode 36 and the vapour/saline interface or the vapour/tissue 
interface depending on the proximity of the tissue surface. The majority of power 
dissipation occurs within the vapour layer, with consequent heating of the active 
electrode 36. The amount of energy dissipation, and the size of the vapour pocket 
depends, on the output voltage. If this is too low, the pocket will not be sustained, and if 

25 it is too high, the electrode assembly 12 will be destroyed. It should be noted that, if 
power were delivered at the same level as point "C", the resulting voltages would cause 
electrode destruction. The normal operating point for an electrode used for vaporisation 
is illustrated as point "D". This point is defined uniquely by the combination of the 
impedance power characteristic for the electrode assembly, in conjunction with the 

30 vaporise voltage limit which appears as curve V v in Figure 5. 
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The dotted line E indicates the power level above which electrode destruction occurs. 
As the power is reduced, the impedance falls until, at point "A", the vapour pocket 
collapses and the electrode assembly 12 reverts to the desiccation mode. At this point, 
power dissipation within the vapour pocket is insufficient to sustain it, so that direct 
5 contact between the active electrode 36 and the saline or the tissue is re-established, and 
the impedance falls rapidly. The power density at the active electrode 36 also falls, so 
that the temperature of the saline falls below boiling point. The electrode assembly 12 is 
then in a stable desiccation mode, below the desiccation voltage limit indicated by 
curve V D . 

10 

To operate the electrode assembly 12 in the vaporisation mode, power is applied to 
maintain an operation point on the curve between "D" and point "A". The upper part of 
this curve has been found to be most suitable for tissue removal by vaporisation. As 
stated above, the load impedance presented to the generator in this region of the graph 
15 is about 1000 ohms. The vaporisation voltage limit (curve V v ) is set in the range of 
from 250 V to 600 V peak, 300 V peak being a typical value. 

A generator suitable for driving the electrode assembly 12 so as to meet the 
requirements set out above is illustrated in block diagram form in Figure 6. 

20 

Referring to Figure 6, the generator comprises a radio frequency (RF) power oscillator 
60 having a pair of output connections 60C for coupling via output terminals 62 to the 
load impedance 64 represented by the electrode assembly 12 when in use. Power is 
supplied to the oscillator 60 by a switched mode power supply 66. 

25 

In the preferred embodiment, the RF oscillator 60 operates at about 400 kHz, with any 
frequency from 300 kHz upwards into the HF range being feasible. The switched mode 
power supply 66 typically operates at a frequency , in the range of from 25 to 50 kHz. 
Coupled across the output connections 60C is a voltage threshold detector 68 having a 
30 first output 68A coupled to the switched mode power supply 66, and a second output 
68B coupled to an "on" time control circuit 70. A microprocessor controller 72 coupled 
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to the operator controls a display (not shown), and is connected to a control input 66A 
of the power supply 66 for adjusting the generator output power by supply voltage 
variation, and to a threshold-set input 68C of the voltage threshold detector 68 for 
setting peak RF output voltage limits. 

In operation, the microprocessor controller 72 causes power to be applied to the 
switched mode power supply 66 when electrosurgical power is demanded by the 
surgeon operating an activation switch arrangement which may be provided on a 
handpiece or footswitch. A constant or alternating output voltage threshold is set via the 
input 68C according to control settings on the front panel of the generator (see Figure 
1). Typically, for desiccation or coagulation, the threshold is set at a desiccation 
threshold value between 150 volts and 200 volts. When a vaporisation output is 
required as with the electrode assembly 12 described above, the threshold is set to a 
value in the range of from 250 or 300 volts to 600 volts. These voltage values are peak 
15 values. Their being peak values means that for desiccation at least it is preferable to 
have an output RF waveform of low crest factor to give maximum power before the 
voltage is clamped at the values given. Typically a crest factor of 1.5 or less is 
achieved. 

20 When a blended output is required, the voltage threshold set via the input 68C is 
constantly alternated between the value for desiccation or coagulation and the value for 
cutting or vaporisation. 



When the generator is first activated, the status of the control input 601 of the RF 
25 oscillator 60 (which is connected to the "on" time control circuit 70) is "on", such that 
the power switching device which forms the oscillating element of the oscillator is 
switched on for a maximum conduction period during each oscillation cycle. The power 
delivered to the load impedance 64 depends partly on the supply voltage applied to the 
RF oscillator 60 from the switched mode power supply 66 and partly on the load 
30 impedance. If the supply voltage is sufficiently high, the temperature of the liquid 
surrounding the electrodes 36 and 38 of the electrode assembly 12 may rise to such an 
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extent that the liquid vaporises, leading to a rapid increase in load impedance and a 
consequent rapid increase in the applied output voltage across the terminals. 

As described above with reference to Figure 5, different voltage thresholds are set, 
depending on whether the generator is to be used in a desiccate mode or a vaporise 
mode. In both cases, trigger signals are sent to the "on" time control circuit 70 and to 
switched mode power supply 66 when the respective selected voltage threshold is 
reached. The "on" time control circuit 70 has the effect of virtually instantaneously 
reducing the "on" time of the RF oscillator switching device. Simultaneously, the 
switched mode power supply 66 is disabled so that the voltage supplied to oscillator 60 
begins to fall. 

Subsequent control of the "on" time of individual cycles of the oscillator 60 will be 
understood by considering the internal configuration of the "on" time control circuit 20 
which is shown in Figure 7. The circuit comprises an RF sawtooth generator 74 
(synchronised at the RF oscillation frequency by a synchronisation signal derived from 
the oscillator 60 and applied to a synchronisation input 741), and a ramp generator 76 
which is reset by a reset pulse from the output 68B of the voltage threshold detector 68 
(see Figure 6) produced when the set threshold voltage is reached. This reset pulse is 
the trigger signal referred to above. The "on" time control circuit 70 further comprises a 
comparator 78 for comparing the sawtooth and ramp voltages produced by the sawtooth 
and ramp generators 74 and 76 to yield a square wave control signal for application to 
the input 601 of the RF oscillator 60. As shown by the waveform diagrams in Figure 7, 
the nature of the sawtooth and ramp waveforms is such that the mark-to-space ratio of 
the square wave signal applied to the oscillator 60 progressively increases after each 
reset pulse. As a result, after a virtually instantaneous reduction in "on" time on 
detection of the output voltage reaching the set voltage threshold, the "on" time of the 
RF oscillator 60 is progressively increased back to the original maximum value. This 
cycle is repeated until the supply voltage for the oscillator 60 from power supply 66 
(Figure 6) has reduced to a level at which the oscillator can operate with the maximum 
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conduction period without the output voltage breaching the set voltage threshold as 
sensed by the detector 68. 



The output voltage of the generator is important to the mode of operation. In fact, the 
5 output modes arc defined purely by output voltage, specifically the peak output voltage. 
The absolute measure of output voltage is only necessary for multiple term control. 

However, a simple term control (i.e. using one control variable) can be used in this 
generator in order to confine the output voltage to predetermined limit voltages. Thus, 
10 the voltage threshold detector 68 shown in Figure 6 compares the RF peak output 
voltage with a preset DC threshold level, and has a sufficiently fast response time to 
produce a reset pulse for the "on" time control circuit 70 within one RF half cycle. 

In the generator described above with reference to Figures 6 and 7, power reduction in 
1 5 response to voltage threshold detection takes place in two ways:- 

(a) an instantaneous reduction in RF energy supplied to the resonant output circuit 
of the oscillator 60, and 



20 (b) a shut down of DC power to the oscillator 60 for one or more complete cycles 
of the switched mode power supply 66 (i.e. typically for a minimum period of 
20 to 40 ms). 



In the preferred embodiment, the instantaneous power reduction is by at least three 
25 quarters of available power (or at least half voltage) from the DC power supply, but 
continuous voltage threshold feedback continually causes a reduction in delivered 
power from the DC power supply. Thus, a high speed response is obtained in the RF 
stage itself with the DC supply voltage tracking the reduction to enable the RF stage to 
return to a full duty cycle or mark-to-space ratio, thereby enabling further rapid power 
30 reductions when the voltage threshold is again breached. 



WO 99/51 158 PCT/GB99/00995 

19 

The rapid response on reaching the peak vaporise threshold voltage V v effectively 
prevents runaway destruction of the electrode along the portion "E" of the impedance 
power curve shown in Figure 5. Effective control of the vaporisation mode is also aided 
by the fact that the preferred generator has an output impedance set to about 160 ohms. 
The effect of this choice will be evident from the following description with reference 
to Figures 8 and 9, which are graphs showing the variation of the output power which 
can be produced by the generator into different load impedances. 

Referring to Figure 8 ? the power delivered to the load is here shown as a function of 
load impedance for two different oscillator supply voltage settings. In both cases, it will 
be seen that, to the left of the power/impedance peak, an increase in load impedance 
leads to an increase in output power and. hence, an increase in output voltage. At higher 
impedances, to the right of the peaks, the voltage continues to increase, albeit less 
aggressively, as impedance increases. 

One of the features of the preferred generator is that the output stage operates as an 
open loop oscillator with an output impedance (corresponding to the peaks in Figure 8) 
of about 160 ohms. This is considerably lower than the output impedance of 
conventional generators used for underwater electrosurgery, and contributes to the 
ability to prevent runaway arcing behaviour and consequent excessive tissue damage 
and electrode burn-out. 

It should be understood that, when the generator is used for desiccation, steam envelope 
generation at the electrode and arcing should be prevented. Conversely, for cutting or 
vaporisation, steam envelope generation and arcing are required, but to a level 
consistent with achieving the required tissue effect and the avoidance of electrode 
burn-out. Operating points for low and high power desiccation and cutting or 
vaporisation are shown in Figure 8. 

In order to traverse from the desiccation mode to the vaporisation mode, a high power 
burst is required, hence the positioning of the power/load curve peak between the 
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desiccation and cut or vaporisation operation points on the curve. By allowing the 
output power to increase with impedance in this way, a high power burst of sufficient 
energy to create arcing is achieved despite the initial low impedance presented by the 
electrodes 36 and 38. As the supply voltage to the oscillator 60 is increased, the 
electrode assembly 12 has a greater propensity to flip into the cut mode, whilst at lower 
supply voltage levels, the bistable nature of the output, although more pronounced, 
tends towards the desiccation state. 

The bistable properties arise not only from the electrode impedance behaviour, but also 
from the shape of the power/load impedance curve. The flatter the load curve, the more 
constant the output power across a band of impedances and the less pronounced the 
effect. 



Referring to Figure 8, it will be appreciated that in the cut or tissue vaporisation mode, 
15 a power equilibrium point is achieved by virtue of the decreasing output power as 
impedance increases. 

The applicants have found that the inherent equilibrium described above may be 
insufficient to maintain a stable vaporisation state. It is for this reason that the RF 

20 output voltage from the RF oscillator 60 (Figure 6) is limited, the limiting occurring 
extremely rapidly, typically with a response time of 20us or less. Excessive radio 
frequency interference is avoided by linear variation of the oscillator switching device 
"on" time in response to a feedback signal from the voltage threshold detector 68. This 
technique is used in conjunction with the RF oscillator 60 having a comparatively low 

25 output Q when matched to the load, this Q being sufficient to suppress switching noise 
without inordinately damping the response to output voltage threshold detection. 

By way of example, the effect of voltage threshold control for a particular electrode 
configuration is shown in Figure 9. The heavy lines 200 and 202 indicate the modified 
30 power/load impedance characteristics. For desiccation, shown by the line 200, the 
switched mode power supply is set to produce a peak (matched) open loop output 
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power of between 75 watts and 1 10 watts, with the actual peak power in this case being 
about 90 watts. For cutting and vaporisation (shown by the line 202), the continuous 
peak power can be between 120 watts and 175 watts. In this case it is 150 watts. As 
examples, the voltage thresholds are set at 180 volts peak for desiccation and 300 volts 

5 peak for cutting, as illustrated by the hyperbolic constant voltage lines 204 and 206 
respectively. The power/impedance curves follow the respective constant voltage 
threshold lines to the right of their intersection with the unmodified open loop curves 
208 and 210. Thus, it will be understood that the desiccation threshold line represents 
the maximum voltage that can be achieved in the desiccation mode before arcing is 

10 produced, whilst the cut or vaporisation threshold line limits the cutting or tissue 
vaporisation performance to achieve the desired tissue effect and, in the extreme, to 
avoid electrode bum-out. The desiccation threshold line also represents a voltage 
insufficient to achieve arcing for cutting or vaporising tissue. 

15 A significant feature of the generator characteristic for electrosurgical cutting or tissue 
vaporisation is that at peak power (matched impedance), the load impedance lies 
between the impedances corresponding to the threshold voltages at that power level. In 
contrast, in the desiccation mode, the power/load impedance characteristic has a power 
peak at an impedance lying below the desiccation threshold line at that power level. 

20 

In practice, the output power in the desiccation mode will be higher than in the cutting 
or tissue vaporisation mode. The reason for this statement (despite the apparent 
contradiction with the load curves in Figure 9) is that the equilibrium points described 
above lie at different points on the respective curves. To ensure tissue vaporisation, the 

25 high peak power of the higher curve is required to reach the cut or vaporisation 
threshold line (corresponding to 300 volts peak). The vaporisation mode then follows 
the cutting or vaporisation threshold line. The operating point is defined by the load 
impedance created when a suitable level of arcing is occurring. Typically, the load 
impedance in these circumstances is greater than 1000 ohms. The generator is 

30 configured to give boosted power for an initial period between 1 00 ms and 1 second at 
a level typically about 25% higher than the continuous vaporisation power output 
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setting. Thus, in the present embodiment, output power is boosted to about 200W for 
400 ms from the moment of actuation of the footswitch for activating the application of 
RF power to the electrode assembly 12. This largely ensures vaporisation of the 
conductive liquid over the active electrode 36, even when it is clean and ho spark 
erosion has occurred. After this boost period, although a full 150 watt peak power is 
available to ensure that vapour pockets are maintained to promote arcing for 
vaporisation, the actual power drawn during tissue vaporisation for this particular 
electrode assembly described above may be between 50 watts and 100 watts. This 
situation is more easily understood if reference is also made to Figure 5. The activation 
of the initial boosted output is effected by arranging for a boost signal to be applied to 
the switched mode power supply 66 by the controller 72 via the line 66A for the said 
initial period (see Figure 6). The power threshold of vaporisation decreases once spark 
erosion has roughened the exposed surface. 

The generator is described in more detail in the above-mentioned European Patent 
Application No.0754437. 

It will be appreciated, from the above description of the electrode assembly 12, that 
both the return and the active electrodes 38 and 36 have the potential to form a vapour 
pocket. In conventional bipolar electrodes, vaporisation of the liquid is confined 
largely to the active electrode by providing higher energy densities at the active 
electrode than at the return electrode, by arranging for the exposed surface area of the 
active electrode to be substantially smaller than that of the return electrode. In contrast, 
the electrode assembly 12 described above with reference to Figures 1 A to 1C and 2 to 
4 typically has an active to return electrode surface area ratio exceeding 1:1, and more 
typically is in the range of from 1.25:1 to 2:1 (active:return). Here, the surface area is 
that area which is in contact with the conductive liquid when completely immersed, 
before activation by the electrosurgical generator. The present electrode assembly 12 
has been designed such that the configuration of the return electrode 38 discourages 
vapour pocket entrapment and formation on its surface, whilst such entrapment is 
provided by the features of the active electrode 36 so that, once vapour bubbles begin to 
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form, they are trapped in the cavities between the ribs 36B and in the microscopic 
indentations provided by the surface roughness, so as then to reduce the effective 
contact area of the active electrode with the conductive liquid. This promotes rapid 
formation of a vapour pocket completely covering the active electrode 36. Placing the 

5 active electrode 36 adjacent to the tissue surface reduces the cooling effect of 
convection currents in the liquid, allowing the trapped saline to absorb the 
electrosurgical power and to rapidly reach and maintain the boiling point of the liquid. 
Once boiling has commenced, the grooves between the ribs 36B slow down the 
migration of the emerging vapour bubbles away from the active electrode surface so as 

10 to encourage them to coalesce into a vapour pocket. The return electrode 38, being 
located directly above the active tip is positioned to avoid contact with tissue, therefore 
ensuring that it is constantly surrounded by conductive liquid which cools its surface, 
thereby dissipating energy throughout a large volume of liquid. 

15 Once a vapour pocket has formed, the ribs 36B of the active electrode 36 promote arc 
propagation because they form natural areas of high ion concentration. The ribs 36B are 
rounded to avoid accidentally tearing the tissue to be treated. The ribs 36B are oriented 
at 90° to the direction of travel of the electrode 36 over the tissue surface. It has been 
found that this arrangement causes the best axial retention of vapour, while the sides of 

20 the vaporised trench in the tissue limit the amount lost from the lateral sides of the 
electrode assembly 12. A secondary benefit of retaining the vapour in this way is that 
the migration of bubbles away from the tip is reduced, thereby improving the surgeon's 
view of the operative site. This orientation of the active electrode 36 also produces the 
most even tissue removal across the width of the assembly. 

25 

To further facilitate even tissue removal, as the active electrode 36 is moved over the 
tissue, it is swung through an arc, intended to match the curvature of the tissue to be 
removed. For this reason, the active tip has its semicircular cross-section to provide the 
maximum surface area for tissue removal at all stages of both the forward and the return 
30 stroke. 
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The above-described electrode assembly 12 is intended particularly for 
electro-vaporisation of the prostate gland (EVAP) and other variants of the procedure 
commonly referred to as transurethral resection of the prostate (TURP), typically by 
interstitial ablation of the prostate gland by a perurethial route, whether performed for 
5 benign or malignant disease; transurethral removal of urinary tract tumours as they may 
arise as primary or secondary neoplasms, and further as they may arise anywhere in the 
urological tract from the calyces of the kidney to the external urethral meatus. 

It is evident from the scope of the applications of the invention that it has further 
0 additional applications for vaporisation of tissue in general laparoscopic, endoscopic 
gastroenterological surgery, hysteroscopic, thoracoscopic, and neurosurgical 
procedures, being particularly useful in the removal of diseased tissue and neoplastic 
disease whether benign or malignant. 



1 5 The surgical site is generally bathed in a continuous flow of conductive liquid such as 
saline solution either to fill and distend an anatomical body cavity or space such as the 
human uterus or one created surgically. In addition, a locally-irrigated environment may 
be created around the tip of the electrode assembly 12 in a gas-filled cavity. The 
irrigating fluid may be aspirated from the surgical site to remove products created by 

20 the application of RF energy, together with tissue, debris or blood. 
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1 . An electrode assembly for the electrosurgical removal of tissue immersed in an 
electrically-conductive liquid, the assembly comprising an elongate support structure 
including at least a pair of conductors for carrying radio frequency electrosurgical 
currents, an electrically-insulative body mounted at a distal end of the support structure 
and extending transversely with respect to the support structure, a 
transversely-extending conductive tissue treatment electrode secured to one side of the 
insulative body and electrically connected to one of the conductors, and a transversely- 
extending, conductive return electrode secured to an opposite side of the insulative 
body. 

2. An electrode assembly according to claim 1, wherein the ratio of the 
exposed surface area of the tissue treatment electrode to that of the return electrode is 
greater than 1:1. 

3. An electrode assembly according to claim 2, wherein said ratio is in the 
range of from 1 .25: 1 to 2: 1. 

4. An electrode assembly according to any one of claims 1 to 3, wherein the 
tissue treatment electrode is a metallic lamina lying on an outer surface of the insulative 
body. 

5. An electrode assembly according to any one of claims 1 to 4, wherein the 
tissue treatment electrode has a plurality of surface projections. 

6. An electrode assembly according to claim 5, wherein the surface projections 
comprise transversely-extending ribs. 

7. An electrode assembly according to claim 5 or claim 6, wherein the return 
electrode is generally smooth-surfaced. 
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8. An electrode assembly according to any one of claims 1 to 7, wherein the 
insulative body is formed from a ceramic material. 

9. An electrode assembly according to claim 8, wherein at least the tissue 
treatment electrode is generally in the form of a plate, and the plate and the insulative 
body have complementarily-shaped features providing interlocked mounting of the 
plate on the body. 



10. An electrode assembly according to claim 1, wherein the combination of the 
1 0 insulative body, the tissue treatment electrode and the return electrode forms a generally 

cylindrical member having an axis extending transversely of the support structure, the 
electrodes forming conductive, generally part-cylindrical shell elements separated from 
each other along transversely-extending proximal and distal exposed parts of the 
insulative body. 

15 

11. An electrode assembly according to claim 10, wherein the shape and 
configuration of the electrodes and the insulative body are such that the minimum 
conduction path length between the tissue treatment and return electrodes when they are 
immersed in a conductive liquid is greater than or equal to 1.5mm. 

20 

12. An electrode assembly according to claim 11, wherein said transversely- 
exposed part of the insulative body is formed as ribs projecting outwardly beyond the 
outer surfaces of the separated electrodes to provide a minimum conduction path length 
which is greater than the distance between the electrodes. 

25 

13. An electrode assembly according to any one of claims 1 to 12, wherein, when 
the support structure and the electrodes extend generally in horizontal directions, the 
tissue treatment and return electrodes are respectively downwardly and upwardly 
directed. 
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14. An electrode assembly according to any one of claims 1 to 13, wherein the 
combination of the insulative body and the electrodes is supported solely by the pair of 
conductors. 

15. An electrode assembly according to any one of claims 1 to 14, wherein the pair 
of conductors is formed as two spaced-apart, insulatively-sleeved, parallel support 
arms, and the combination of the insulative body and the electrodes forms a bridge 
between the arms at their distal ends. 

16. An electrode assembly according to claim 4, wherein the lamina, excluding any 
surface projections, has a thickness in the range of from 0.15 mm to 0.5 mm. 

17. An electrode assembly according to claim 4 or claim 16, wherein the lamina 
has a thermal conductivity of less than 2 WK* ! . 

18. An electrode assembly according to claim 17, wherein the lamina is formed of 
stainless steel. 

1 9. An electrode assembly for the electrosurgical removal of tissue immersed in a 
electrically-conductive liquid, the assembly comprising at least first and second 
electrodes mounted on an insulator, and at least a pair of conductor wires forming an 
elongate support structure for housing in- an endoscope, the combination of the 
electrodes and the insulator being secured to distal ends of the wires with one wire of 
the pair connected to the first electrode, and with the other wire of the pair connected to 
the second electrode, and wherein the electrodes comprise transversely-extending 
metallic coverings mounted on oppositely-directed surfaces of the insulator. 

20. An electrode assembly according to claim 19, wherein the insulator forms a 
base member for the electrodes, the electrodes being mounted on the base member 
without adhesive. 
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21. An electrode assembly according to claim 19 or claim 20, wherein the insulator 
and the electrodes have interlocking shape features. 

22. An electrode assembly according to claim 21, wherein the insulator has 
undercut grooves, and the electrodes have complementary ribs which fit into the 
grooves, and which are shaped to lock the electrodes to the insulator. 

23. An electrode assembly according to claim 22, wherein the grooves in the 
insulator extend transversely, and the combination of the insulator and the electrodes is 
so configured that the electrodes are only insertable into the grooves from opposite 
respective sides of the insulator. 

24. An electrode assembly according to any one of claims 19 to 23, wherein the 
ratio of the exposed surface areas of the tissue treatment and return electrodes is greater 
than 1:1, the exposed surface areas being in respect of those surfaces of each electrode 
which are capable of being wetted when the assembly is immersed in liquid. 

25. An electrode assembly according to claim 24, wherein the major part of the 
exposed surface of the tissue treatment electrode is rough, while that of the return 
electrode is smooth. 

26. An electrosurgical system comprising an electrosurgical instrument having an 
electrode assembly according to any one of claims 1 to 25, and a radio frequency 
generator having at least a pair of output terminals for connection to the electrode 
assembly, wherein the generator is configured so as to apply a boosted power signal to 
the electrode assembly for an initial boost period upon activation of the electrode 
assembly to create a vapour layer over the tissue treatment. 

27. A system according to claim 26, wherein the boost period has a duration of 
between 0. 1 and 1 second. 
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28. A system according to claim 26 or claim 27. wherein the applied power is 
boosted by between 20% and 35% during the boost period. 

29. A method of electro surgically removing tissue, the method comprising:- 
providing an electrode assembly having a elongate support structure which 

includes a pair of conductors and, mounted on a distal end of the support structure, a 
transversely-extending insulator with a tissue treatment electrode secured on one face of 
the insulator and a return electrode secured on an oppositely-directed face of the 
insulator, the electrodes being connected to respective conductors of said pair, 
immersing the tissue to be treated in an electrically-conductive liquid, 
bringing the electrode assembly to a location adjacent to the tissue to be treated 
with the electrodes immersed in the conductive liquid, 

applying an electrosurgical radio frequency voltage between the electrodes of a 
sufficient magnitude to cause vaporisation of the conductive liquid at the tissue 
treatment electrode, 

applying the tissue treatment electrode to the surface of the tissue to be treated 
with the electrode assembly oriented such that the return electrode is directed away 
from the tissue surface, and 

reciprocating the electrode assembly generally in the lengthwise direction of the 
support structure to ablate the tissue by vaporisation thereof when contacted by the 
vapour layer over the tissue treatment electrode. 

30. A method according to claim 29, wherein the ratio of the exposed surface area 
of the tissue treatment electrode to that of the return electrode is greater than 1:1, and 

' wherein the electrosurgical ratio frequency voltage is applied to the electrode assembly 
from an electrosurgical generator having an open loop output impedance in the region 
of from 50 ohms to 250 ohms, and is limited to a value in the range of from 250V peak 
to 600V peak. 

31. A method according to claim 29 or claim 30, wherein the step of applying an 
electrosurgical radio frequency voltage includes firstly applying power to the electrode 
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assembly at a boosted level during an initial boost period, and then reducing the 
applied power. 

32, A method according to claim 31, wherein the boost period has duration of 
between 0.1 and 1 second. 
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